Abstract-The Synthetic Aperture Radar (SAR) image with its advantages is becoming more popular than the optical image in earth observation in using the remote-sensing techniques. However, the speckle noise that occurs in the SAR image causes difficulties in image interpretation. Thus, speckle noise reduction needs prepossessing procedure prior to the use of the SAR images. This study is done by proposed fuzzy filters that utilize SAR data. From the comparison, the combination of FrostTriangular Moving Average (TMAV) has the best performance in the ability to reduce speckle noise than other filters. This filter improved the Frost filter performance for speckle noise reduction parameter's measurement, shows that 13.41% for Equivalent Number of Looks (ENL) and 6.07% for Speckle Index (SI). While Frost-Asymmetric Triangular Moving Average (ATMAV) has a relatively good performance for preserved texture. This filter improved the texture parameters such as Standard Deviation improved 4.33% and improved Variance for 8.46%. However, for the Mean parameters, Frost-Triangular Median Center (TMED) combination has the best performance compared to other filters, which improved the mean value for 7.10%. The comparative study it has been verified that the fuzzy approach has the robustness in the reduction of speckle noise and preserving the texture when applied in SAR image.
I. INTRODUCTION
Synthetic Aperture Radar (SAR) is one type of sensor for observation and characterization Earth's surface [1] . SAR sensor has several advantages such as, the ability to produce high spatial resolution images, observe in a day and night and in all-weather condition [2] . SAR is categorized as an active sensor. As an active sensor, SAR sending electromagnetic waves toward the target surface and by coherently processing the returned backscattered signals from multiple distributed targets [3] .
Unfortunately, the SAR image suffers from additive and multiplicative noise. The additive noise comes from the receiver thermal noise. However, the image is mostly affected by multiplicative noise compared to additive noise. This multiplicative noise is also known as speckle noise. The speckle noise causes difficulties on interpretation, analyzing, detection and classification process of SAR image [2] , [4] . Therefore, speckle reduction has become an important preprocessing step in SAR image before doing another advanced process. The objective of using a speckle reduction filter is to smooth out the homogeneous regions while preserving texture information. Various researchers have been conducted to reduce the speckle (despeckling). Several methods have been proposed with their own strength and limitation [5] .
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According to [6] , the Fuzzy approach has a good performance to reduce speckle noise in a medical image, which's occurred on an SAR image. The aim of this study is to investigate fuzzy based algorithms to reduce speckle in SAR image, to measure the ability of fuzzy on reducing the speckle noise in SAR image and compared against the existing algorithm.
In this paper, we compared the proposed filters which's a combination of the fuzzy algorithm with Frost [7] filter as qualified existing filter [8] , [9] applied to SAR image. The proposed filters will be compared and calculated the improvement of these filters again Frost filter performance. The evaluation of filter performance includes several criteria such as speckle noise reduction and texture preservation. And the main objective of the work presented is to show the robustness of the fuzzy approach for filtering in Advanced Land Observing Satellite -Phased Array type L-band Synthetic Aperture Radar (ALOS-PALSAR) data.
II. SPECKLE NOISE FILTERING
Speckle noise in SAR images will degrade their quality, and this is an undesired effect. With speckle noise in SAR image, it makes difficulties in detection and classification. Speckle noise must be eliminated as pre-processing SAR images. Speckle noise reduction is an important and essential procedure in most target detection and recognition systems [10] .
Filtering is a technique to remove unwanted information from an image, to make it more appropriate for the next step of the image-processing [11] . The main objective of Speckle filtering is removing noise in the uniform area, preserve texture and enhance the edge without changing features, and provide a good visual appearance. Speckle filtering works by moving a window over the image one pixel at a time until it fills the entire image. The window moves and applies a mathematical calculation and also substitutes the value of the window central pixel. As a results in the smoothing effect and visual appearance reduced speckle is achieved [12] .
III. MATERIAL AND METHOD
At this section, Frost filter was selected as the best filter and modified by the fuzzy approach as proposed filters. These filters are the combination of Frost filter with fuzzy filters that is described throughout this section. These filters were applied to ALOS-PALSAR data and then evaluated.
A. Proposed Fuzzy Filters
Frost filter as a qualified of existing filter that describes in the previous study [8] , [9] , was modified by combined with the fuzzy approach. As explained by [13] , fuzzy has a good performance to reduce speckle noise in a medical image. Research on hybrid fuzzy filter conducted by [14] , by combined sequentially wiener filter with a fuzzy filter, to speckle reduction in medical images. The purpose of the proposed method is to reduce the speckle noise using a fuzzy approach, by combining the fuzzy filters with Frost filter. The architecture of proposed filter in this research as shown in Fig.  1 . Proposed Filter approach is to replace the center pixel local neighbor Frost's with digital numbers that calculate by the fuzzy filter. This method assumes Frost filter's digital number calculation affected by the mean value of local neighbor, whereas fuzzy calculates a mean value based on the fuzzy degree of membership local neighborhood as describe clearly in the previous study [15] .
There are four fuzzy filters that were used in this study, namely; Asymmetric Triangular Median Center (ATMED), Asymmetric Triangular Moving Average (ATMAV), Triangular Median Center (TMED), and Triangular Moving Average (TMAV) [16] . These filters will be combined with Frost filter to propose Frost Fuzzy Filters. Thus proposed method [15] , namely; Frost-ATMED, Frost-ATMAV, Frost-TMED, and Frost-TMAV.
Fourth proposed filters are applied in a homogeneous and heterogeneous area in SAR images, aims to measure the robustness of the fuzzy algorithm for speckle noise reduction and texture preservation, mainly in homogeneous areas. The results of these comparative studies later will know the best combination of filter, which will be used for further work.
B. Image Quality Evaluation
According to [17] - [19] , Equivalent Number of Looks (ENL) measure the degree of speckle reduction. Speckle Index (SI) is a measure of speckle reduction in terms of average contrast to the image for evaluation in SAR images. In another work done by [12] used this parameter to evaluate speckle reduction in medical images.
According to [20] , one of the simplest approaches for describing the texture is by calculating the mean of gray level. This statistical parameter is the principal approach to quantify texture content to describe the region. Reference [20] used another statistical parameter to quantify texture content in ALOS-PALSAR images. They used standard deviation to measure the proximity of the image reconstruction approaches to the original image. They also used second-order texture, namely variance to measure the retention of texture information in the original and filtered images.
IV. RESULT AND DISCUSSION In this section, was conducted comparative study proposed using fuzzy filters and frost filter. The aim of the filter's comparison was used to determine the performance and how much was the performance improvement of the proposed filters against frost filters.
Propose filters are applied and compared with original Frost filter into 10 ALOS-PALSAR images as shown in Fig. 2 . This image size's 512x256 pixels, with selected area, is a relatively flat heterogeneous area that consists of an urban, vegetation, hilly and sea area. These four different areas represent most of the area on the Earth's surface. These images are filtered by using 3x3 windows kernel size.
A performance comparison was done by considering two aspects; first, the ability of the filter to reduce speckle noise, second, ability to maintain the texture image. These aspects are important aspects of processing ALOS-PALSAR image, to produce a good-quality image that can be used for other purposes.
Comparison of the performance of filter to reduce speckle noise was represented by ENL and SI parameters. The higher value of ENL means best image quality. While the lower value means fewer numbers of speckle noise to the image, which means image quality is better.
As for the comparison of the performance of the filter to preserve the texture, parameters were used are mean, standard deviation and variance. Higher mean values indicate that the texture image preserved. For standard deviation value, the low value of this parameter represents the preservation of texture images. And the lowest variance value represents the quality of texture conserved.
The variety of pixel value of the image that suffered speckle noise effects in the calculation of statistical texture parameters. It was tended to have a lower mean value, whereas standard deviation and variance value is high. The ability of a filter to reduce much noise, cause less variety of pixel value, and have changed results for a mean value, standard deviation, and variance in accordance with the amount of noise was reduced.
At this stage, also done the rank order the filter performance and measure the improvement that made by proposed filter again of Frost filter, in terms of improving the image quality, measured by the improvement over the image quality parameter value (PV). This improvement is calculated as following The result from the comparison of improvement value, it will determine the robustness of the fuzzy approach.
The ENL value of various proposed fuzzy filters and compared with Frost Filter applied into ALOS-PALSAR images shown in Table 1 . The data in Table I showed that the combination of Frost-TMAV has a good ability to reduce speckle noise, almost in all images used. This combination is only slightly outnumbered by Frost-TMED on two of the ten images are filtered. And compared to the frost filter, it appears that the combination of Frost-TMAV was improved the quality of the frost filter's abilities to reduce speckle noise as shown in Table II . The data in Table II shows that the combination of Frost-TMAV has the highest average in terms of generating ENL value with an average value of the improvement is 13.41%. The improvement of this parameter is calculated using (1) as expressed early. This means that this combination has the best ability to reduce speckle noise. Table III shows SI value of various proposed fuzzy filters and compared with Frost Filter applied into ALOS-PALSAR images. The data in Table III shows that the combination of Frost-TMAV has a good ability to reduce speckle noise, almost in all images used. This combination is only slightly outnumbered by Frost-TMED on two of the ten images are filtered. And compared with the frost filter, it appears that the combination of Frost-TMAV was improved the quality of the frost filters to make fewer numbers of speckle noise in the images that cause by greater performance to reduce speckle noise. The improvement of the filter in the ability to reduce speckle noise shows in Table IV . The data in Table IV shows that the combination of Frost-TMAV has the highest average in terms of generating SI value. This means that this combination has the best ability to reduce speckle noise that caused fewer numbers of speckle in the images. Frost-TMAV also achieved the highest average in terms of generating SI value with an average value of improvement of this filter is 6.07%. Table V shows that the combination of Frost-TMED has a good ability to preserve the texture in all images used. And compared with the frost filter, it appears that this combination was improved the quality of the frost filter's abilities to preserve the image texture. The improvement of the filter in the ability to preserved image's texture is shown in Table VI. The data in Table VI shows that the combination of Frost-TMED has the highest average in terms of generating mean value by improving 7.10% of mean value. This determines that this combination has the best ability to preserve the texture based on used parameter values. Table VII shows that the combination of Frost-ATMAV has a good ability to preserve the texture, almost for all images used. This combination is only slightly outnumbered by Frost-TMED on one of the ten images are filtered. And compared with the frost filter, it appears that the combination of Frost-ATMAV it appears that this combination was improved the quality of the frost filter's abilities to preserve the image texture. The improvement of the filter in the ability to preserved image's texture based on standard deviation value is shown in Table VIII. The data in Table VIII shows that the combination of Frost-ATMAV has the highest average in terms of generating standard deviation value with the value of the improvement is 4.33%. Table IX shows Variance value of various proposed fuzzy filters and compared with Frost Filter applied into ALOS-PALSAR images. The data in Table IX shows that the combination of Frost-ATMAV has a good ability to preserve the texture, almost for all images used. This combination is only slightly outnumbered by Frost -TMED on one of the ten images are filtered. And compared with the frost filter, it appears that the combination of Frost-ATMAV it appears that this combination was improved the quality of the frost filter's abilities to preserve the image texture. The improvement of the the filter in the ability to preserved image's texture based on variance value is shown in Table X. The data in Table X shows that the combination of Frost-ATMAV has the highest average in terms of generating variance value with the value of the improvement is 8.46%. From the experiment data, it was shown that the proposed fuzzy filters can improve the performance of frost filter. Frost-TMAV combination has a good ability to reduce speckle noise. It was indicated by the highest value of ENL while SI is low. For texture parameter, a combination Frost-ATMAV relatively showed the best performance compared to other filters. It demonstrated the value parameter standard deviation and variance values are low. However, for the mean parameters, Frost-TMED combination has the best performance compared to other filters.
Table V shows the Mean value of various proposed fuzzy filters and compared with Frost Filter applied into ALOS-PALSAR images. The data in
From the experimental, results were shown that the fuzzy approach has an excellent resistance when applied to ALOS-PALSAR image.
V. CONCLUSION
From the comparison result, the combination of Frost-TMAV has the best performance in the ability to reduce speckle noise than other filters. This filter improved the performance for speckle noise reduction parameter's measurement, shows that 13.41% for ENL and 6.07% for SI. While Frost-ATMAV has a relatively good performance for preserved texture. This filter improved the texture parameters such as Standard Deviation improved 4.33% and improved Variance for 8.46%. However, for the Mean parameters, Frost-TMED combination has the best performance compared to other filters, which improved the mean value for 7.10%.
The comparative study it has been verified that the fuzzy approach has the robustness in the reduction of speckle noise in ALOS-PALSAR images.
VI. FUTURE RESEARCH
This work can be further extended by developing Graphical User Interface with commonly used features needed for pre-processing ALOS-PALSAR It aims to facilitate the user in the process images ALOS PALSAR.
